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2.
S U M M A R Y
The work described in this thesis is based on an investigation 
into the anodic behaviour of iron in alkaline chloride solutions*
Simultaneous polarisation and chloride adsorption measurements 
have been made on iron samples in solutions containing sodium hydroxide 
and sodium chloride* This has been possible by use of a radiochemical 
technique, developed during the course of this work, for the chloride 
adsorption measurements*
The occurrence of corrosion as a function of iron potential 
and solution composition has beeh studied* Also, the existence of a 
time interval, between potential application and onset of corrosion^ 
and the variation of this interval with potential has been established* 
A rapid corrosion potential has been defined and its approximate 
variation with solution composition determined and found to be in 
accordance with a theory proposed by Hoar for the effect of chloride 
ions on the corrosion of iron*
Chloride adsorption determinations have been carried out at 
potentials more anodic than the rapid corrosion potential and the 
correlation between chloride adsorption and quantity of electricity 
passed during corrosion examined*
Some conclusions have been drawn regarding the limitations of 
the method of simultaneous chloride adsorption measurement and 
regarding the high values of chloride adsorption obtained*
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S E C T I O N  1 
I N T R O D U C T I O N
1*la General Background
The corrosion behaviour of mild steel in moderately concentrated 
solutions of sodium hydroxide and also of ferrous chloride has been studied
1 2textensively at C.E.R.L., particularly by Potter and Mann * in the belief
that the severe corrosion to which boiler tubes are occasionally subject
can be attributed to the local occurrence of concentrated solutions at the
tube wall during boiler operation. These experiments in high temperature
water and in alkaline solutions have shown that mild steel normally
1
becomes covered with a protective layer of magnetite, even when there is
3an excess of chloride ions present. It has also been shown that in
dilute solutions of ferrous chloride and other acidic chloride solutions
which generate ferrous chloride by reaction with steel, the film formed
is not protective and a rapid growth of thick laminated magnetite can 
4result.
. X T .  _  *    •    jT» f V  •   _ . 1 _  • I       L  -  13 I. * J 11 «  ill • l l •vn k/aoiis ui uu£i wVi'**. ii> jjuyyfcJtsi'tJu tuat ”On-ioad" pxttxng
corrosion of mild steel boiler tubes might be caused by an electrochemical 
process in which ferrous chloride is formed locally by anodic action in 
alkaline boiler waters containing sufficient chloride, in a manner 
similar to that which produces pitting at room temperature. Studies of 
the behaviour of anodically polarized mild steel in alkaline solutions at 
elevated temperatures showed that pitting may be caused to occur under 
such conditions. It was found that, in solutions containing sufficient 
chloride, pitting corrosion accompanied by the formation of non~protective
oxide can occur above a critical potential whereas below this potential
. 6
a protective oxide only xs formed.
1,2, The Aqueous Corrosion and Passivation of Iron
1,2,1, General Considerations
The reactions which are thermodynamically possible on iron
placed in aqueous environments can be deduced from the Pourbaix diagram
for iron (Fig, 1), This is an isothermal phase diagram which represents
metal-ion-oxide equilibria plotted with potential and pH as axes. The
2+
diagram is divided into areas in which various entities, e.g* Fe , 
Fe(0H)o , etc,, are thermodynamically stable. The lines which bound
a
these areas represent equilibria between the entities in adjacent areas. 
The *oxygen line* and 1hydrogen line* represent the equilibria:
40H~ --- * 0o + 2H 0 + 4e,“ a a
and Hg  2H+ + 2e, respectively.
If a sample of iron is placed in aqueous sulphuric acid, 
i«e, a solution of low pH, it can be seen from the Pourbaix diagram that 
ferrous ions will be formed,
Fe "■*— ) Fe^+ + 2e,
There will also be a tendency for the ferrous ions now in 
solution to be discharged,
2+ vFe + 2e /  Fe,
and, in the absence of any other electron-removing reactions, the 
equilibrium,
Fe ■■■■—V Fe2+ + 2e ,
will be established. The currents which are due to the forward and 
reverse reactions and which are necessarily identical in magnitude are
pigure I
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known as the exchange currents* Thus, in order that the iron should 
continue to ionise, it is necessaxy that the electrons left on the metal, 
as a result of ionisation, be removed in some other way than that given 
above. In pure aqueous sulphuric acid (i.e. in the absence of dissolved 
air and other metal ions) the only way this can occur is by the hydrogen 
evolution reaction,
2H+ + 2e H .
Therefore the overall reaction is the familiar iron dissolution accom­
panied by hydrogen evolution. The direction of flow of the current in 
solution is from the sites of iron ionisation to those of hydrogen evolution 
and therefore the former are named anodic sites and the latter cathodic 
sites.
The Pourbaix diagram then, shows that, in aqueous sulphuric 
acid, iron can ionise to ferrous ions, but it does not provide any kinetic 
information. In order to determine the rate at which iron can ionise, 
the Evans diagram for the system may be considered.
Fig. 2 shows the ideal Evans diagram for the system under 
consideration and it is assumed that the electrolyte is of low resistance* 
Initially, the two reversible electrodes ^pey'pe^+ anc* ®h+/H 
exchange currents in and i1 respectively, are established and the 
difference in their potentials provides the driving E.M.F. for corrosion 
to take place. Corrosion then proceeds and the potentials of the anodic 
and cathodic sites approach and become equal at point P. The potential 
and current at this point are the final corrosion values. The anodic 
reaction is then said to be polarised at an overpotential q and the 
cathodic reaction at an overpotential T}^ .
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Thus the corrosion current can be found by independent 
determinations of the relationship between overpotential and current for 
the anodic and cathodic reactions. When the results are plotted on the 
same graph, the point where the two lines intersect has as its coordinates 
the corrosion potential and corrosion current* The relationship between 
overpotential and current for a reaction can be determined in two ways, 
potentiostatically and galvanostatically. In the potentiostatic method, 
for the anodic reaction for example, iron is made the anode of a cell with 
a platinum cathode. The cell currents are measured for various iron 
overpotentials established with respect to a reference electrode by a 
potentiostat. In the galvanostatic method, the cell is the same but the 
iron overpotentials corresponding to fixed cell currents are measured*
In alkaline solutions of moderate concentration, for example, 
aqueous aodium hydroxide of pH 12, iron again becomes polarised and 
ferrous ions are formed initially* The Pourbaix diagram shows that under 
these conditions ferrous hydroxide is the thermodynamically favoured product* 
This is to be expected because of its very low solubility product* The 
ferrous hydroxide may be deposited as a film at the iron-solution inter­
face in which case the passage of ferrous ions into solution is made much 
raore difficult and therefore the current is greatly reduced. The iron is 
then said to have been passivated*
The Pourbaix diagram also shoxfs "that in more concentrated 
alkali solutions, iron can pass into solution as the FeCOH}^ ion.
1.2*2. The Behaviour of Iron in Alkaline Solutions
7
Kabanov et al proposed the following mechanism for the 
reaction of iron in alkaline solutions*
where (FeOH)^^ is an electrochemically-active surface oxide which can 
react to give a passivating oxide (FeO^OH)^^ thus:
(FeOH) . + 0H“ ■— (FeO.OH) . + H+2eads ads
or a soluble surface oxide (FeO) , iThxch in turn can react to form theads
soluble HFeO ion thus:
(FeOH) _ + 0H“ ■— — > (FeO)  ^ + Ho0 + eads '  ads 2
(FeO) _ + OH" — ^ HFeO ~ads 2
The HFeOg ion can then hydrolyse to form ferrous hydroxide which is 
deposited in the form of a gelatinous precipitate weakly bound to the metal
HFeO “ + H_0 -— 4  Fe(OH) + 0H~
dt d 6
The two alternative processes take place simultaneously and ultimately,
the passivating process predominates* The passivating process is favoured
by high anodic potentials and low hydroxyl concentrations (as long as
the solution is still alkaline).
8Mayne et al. found that in de-aerated 0*1M sodium hydroxide 
very slow electrochemical attack takes place with the probable formation 
of ferrous hydroxide as the anodic product* They also found the rate 
of attack to be largely governed by the slow cathodic discharge of hydrogen 
ions rather than by the formation of a film of ferrous hydroxide at the
7
anodic areas. This is in agreement with the work of Kabanov et al. 
who found that they could not detect any ohmic resistance on an electrode 
covered with a deposit of ferrous hydroxide* They also believed the
9ferrous hydroxide to be formed by hydrolysis of the HFeO^ ion. SchraJJer
stated that only when the alkali concentration exceeds 0.5 M is iron
—  8
present mainly as HFeO ions. Therefore Mayne et al. concluded that
di
under their conditions, i.e. 0.1 M sodium hydroxide, the ferrous hydroxide
resulted mainly from the precipitation of anodically formed ferrous ions.
0
Mayne et al. also found that when iron is exposed to 0.1 M sodium hydroxide
containing dissolved air it becomes passive, being mainly covered with a
thin film of y - Fe 0 (ferric oxide). They considered the oxygen to
« j
be adsorbed on the iron surface and then to form y - Fe 0 which grows until
2 3
it becomes impervious to oxygen and ions, after which it prevents corrosion* 
Schikorr*0 showed that y - Fe^O^oH^O (hydrated ferric oxide) is formed 
by slow interaction between oxygen and ferrous hydroxide. To sum up, 
it appears that when iron is immersed in solutions of sodium hydroxide 
saturated with air, two reactions may occur: (1) electrochemical attack
with the production of ferrous hydroxide directly or indirectly which then 
reacts with oxygen forming yFe 0 « H O hydrated ferric oxide; and (2) a
A J d 7
direct reaction between iron and dissolved oxygen with the formation of
Y — Feo0 ferric oxide.
J
In a later investigation, Mayne and Menter^* found that the 
function of oxygen is to oxidise the ferrous hydroxide, formed by an 
electrochemical mechanism, to a ferric compound having a structure 
indistinguishable from the air formed film* It is this ferric compound 
which renders iron passive. The compound was thought to be
Fe^O^.YFe^O^ (anhydrous cubic oxide),
12
Hancock and Mayne suggested that when iron carrying its 
air formed film is placed in an inhibitive solution, e.g. aqueous sodium 
hydroxide, saturated with air, the corrosion current is concentrated at 
the weak spots in the oxide film and at these points the potential is 
consequently raised to that at which anhydrous cubic oxide, Fe^O^.YFe^O^, 
is produced. The air formed film is thereby thickened and corrosion
prevented. They also stated that -when the pH exceeds 9* anhydrous cubic
oxide may also be formed by the interaction of the anodic product, ferrous
hydroxide, with atmospheric oxygen.
13Gilroy and Mayne studied the breakdown of the air formed
oxide film on iron in various solutions including aqueous sodium hydroxide.
They found the breakdown to be retarded by dissolved oxygen and deduced
that the breakdown is not due to direct solution, but to reductive
dissolution, a two stage process in which ferric ions are first reduced
to ferrous ions, which then pass into solution as hydrated cations.
Obviously, inhibition occurs if either process is impeded. In a later 
14
paper they put forward the view that above pH 9$ inhibition can be 
attributed to the low solubility of ferrous ions and consequently the 
second stage of the breakdown process
Fe^+( solid) + e ■ ■■■■ ■) Fe^+(solid) Fe^+(aqueous)
is impeded due to the anodic formation of a film of a ferrous compound, 
which is ferrous hydroxide in sodium hydroxide solutions. The ferrous 
hydroxide is subsequently oxidised to anhydrous cubic oxide. Consequently 
the film thickens until it prevents the passage of ferrous ions into 
solution.
15Shepherd and Schuldiner found that in an high purity
closed alkaline system, iron with its surface layer acts like an inert
noble metal and does not significantly corrode or passivate. The primary
reactions under these conditions are, depending on the potential, the
oxidation or reduction of the hydroxyl ion and water. They assumed the
iron surface layer to be Fe 0. , yFe 0 (anhydrous cubic oxide) as
; ^ « 3
16
determined by Foley et al.
1*2*3* The Behaviour of Iron in Chloride Solutions
Chlorides generally have an unfavourable effect upon 
passivation* In the presence of chlorides, metals even with an oxide film 
are liable to suffer attack which frequently results in the formation of 
pits* Because this form of attack is localised, the results can be very 
serious and consequently the effects of chloride ions on iron and steel 
have to be extensively studied* Some of the results of these studies are 
outlined below. ■
17Lorenz investigated the effect of chloride on the anodic 
dissolution of pure iron in sulphuric acid and concluded that an high 
concentration of chloride in the electrolyte changes the typical mechanism 
of dissolution of iron* His kinetic data indicated a slightly inhibitive 
effect with desorption of the specifically adsorbed chloride ions as the 
rate determining step of dissolution.
Arvia and Podesta10 postulated a reaction scheme involving 
adsorption of chloride ions to explain the kinetics of the anodic dissolution 
of active iron in acid solutions containing high concentrations of the 
halide*
19Hoar and Jacob noted that many mechanisms for the breakdown 
action of chloride ions have been suggested, but that none of them is
generally applicable* The mechanisms include: (a) the penetration of
20 21 the small chloride ions through pores and weak spots in the oxide
film| (b) the displacement of the very thin film by adsorption of chloride
22 23ions; 5 (c) anion exchange between oxide ions and chloride ions;
24
(d) migration of chloride ions inwards through the oxide lattice; and
(e) peptisation of the oxide film by a strong negative charge caused by
25
adsorbed anions* Hoar and Jacob proposed a mechanism which contains
elements from (a), (b), (c), and (d). The mechanism involves the joint 
adsorption of three or four chloride ions on the oxide film around a 
lattice cation. This mechanism depends on the high electrostatic 
polarisability of the chloride ion*
1*2.4. The Behaviour of Iron in Alkaline Chloride Solutions
7
Kabanov et al. proposed that chloride ions prevented the
passivation of iron because they were preferentially adsorbed and therefore
prevented the adsorption of oxygen which would have lead to passivation.
26In the discussion of this paper, Hoar disagreed with this proposal and
also with the concept of a high ’’penetrating power” of chloride ions for
27oxide films as put forward by Britton and Evans. Hoar explained the 
action of the chloride ion by considering its influence on the pH of the 
electrolyte in the immediate vicinity of the anode. In this region 
hydroxyl ion concentration decreases whilst chloride ion concentration 
increases, as the product Fe(OH)^ is formed. The pH in the region may 
fall below 7 and eventually, this anolyte region may become so acid that 
substantial concentrations of ferrous iron can exist there; thus the 
iron can dissolve and migrate away. In alkaline solutions containing a 
very low concentration of chloride ions, or none at all, the anolyte never 
becomes acid because it is constantly replenished by migrating hydroxyl 
ions. This explanation, proposed by Hoar, does not require that chloride 
ions directly participate in the sense proposed in adsorption mechanisms.
1.3® Determination of Chloride Ion Concentration in the Interfacial Region 
The great influence of chloride ion in prevention of formation, 
or in breakdown, of a passivating surface oxide film and the proposed
mechanisms of this influence make it desirable to obtain information 
regarding the numbers! of chloride ions, in the anodic interfacial region, 
as a function of anode potential and solution composition* Major 
experimental requirements are sensitivity in detection of adsorbed ions 
at the interface and the possibility of simultaneous electrochemical 
measurements* Adsorption measurement by determination of concentration 
loss from bulk solution is not applicable since such methods invariably 
require the use of very high areas of adsorbent, not available in the 
system of interest here* In consideration of the possibility of direct 
measurement of an ihterfacial concentration or of adsorbed layers, the 
use of a radioactive isotope is attractive*
1 * 3 Previous Work on Adsorption Determination by Radioisotope
Methods
n O
The earliest method for determining adsorption by radio­
isotope methods consisted of immersing a metal specimen into the labelled 
solution under investigation, for a selected time, then removing it and 
rinsing it with a solvent followed by determining the activity of the 
metal surface with a Geiger-Muller tube* Among the disadvantages from 
which this method suffered were that adsorption could not be followed
continuously and rinsing may have removed some of the adsorbed material*
29Anianson reported a method the principle of which was
/
as follows* A radioactive isotope was synthesised into the surface 
active compound to be investigated* A suitable detector of radioactivity 
was placed over the free surface of a solution of the labelled compound 
and the radioactivity due to the surface adsorbed molecules and the rest 
(the background) was measured. The background was eliminated by a
similar measurement on a solution of the same isotope in a non-surface 
active compound* The radioactivity due to the surface adsorbed molecules 
was converted to a number of molecules adsorbed by means of a factor 
determined in a subsidiary experiment which consisted of evaporating a 
small quantity of solution, containing the radio! sotopef to dryness 
on a disc and measuring its radioactivity as in the main experiment*
The principle of this method was applied to metal solid- 
solution interfaces by Cook^ 5^  who used a Geiger-Muller tube with a 
modified window to detect the radioactivity. The window was made from 
thin mica onto which a thin layer of iron was evaporated# The iron 
coated surface was brought into direct contact with the solution under 
investigation thereby enabling the rate and extent of adsorption to be 
determined continually without rinsing. The background count was 
eliminated by taking a count just before contact between window and 
solution was established and assuming any subsequent increase in count 
to be due to adsorption,
. 32Blomgren and Bockris developed a method which enabled 
the determination of the adsorption at solid metal-solution interfaces 
simultaneously with electrochemical measurements on the same specimen. 
Their method was based on that of Cook30-31 described above: A thin layer
of a metal was deposited on a mica foil counter window# The counter was 
mounted above the surface of the solution containing the labelled compound 
under investigation so that metal film and solution surface were parallel. 
The distance between metal film and solution surface was decreased 
in stages and the count rate determined as a function of distance. When 
solution and metal made contact, the count rate increased by an amount 
corresponding to the formation of the adsorbed layer. The value of the
activity of the amount adsorbed was obtained from the difference between 
count rate when contact had been established and count rate before contact 
extrapolated to zero distance of separation, The amount.adsorbed was 
found by measuring the activity of a known mass under geometrical conditions 
limiting close to those of the adsorption experiment. Electrochemical 
measurements were made, subsequent to contact between window and solution 
being established, using the window as working electrode, a counter electrode 
and a reference electrode with an Haber-Luggin probe,
1.3,2, Present Work
The method used in the v;ork to be described was largely
based on that of Blomgren and Bockris (Section 1,3«1«)« The fundamental
requirement of the method was the existence of a suitable radioactive
isotope, in our case of chlorine. It was fortunate that solutions
containing Chlorine-36, which was a suitable isotope, were readily available,
Chlorine-36 was suitable for the following reasons: it was a (3-eraitter of
5half-life 3 x 10 years and hence did not present any problems associated 
with decay. Also, the (3 radiation emitted by Chlorine-36 had a maximum 
energy of 0,714 MeV which was sufficiently low to ensure that the background 
count could be eliminated by the method described by Bockris and 
Blomgren (Section 1,3,1,) and sufficiently high to enable counting to be 
carried out through the iron foil used as the working electrode in the 
present work (see below and Section 2,2, )• Finally, Chlorine-36 was 
available in solutions in sufficiently high concentrations (i,e, the 
specific activities of the solutions were sufficiently high) to enable 
reasonably low count times to be used with sufficient accuracy. This 
was necessary so that adsorption could be followed continuously.
The main difference between the method of Bockris and Blomgren 
and that used in the present work was that the metal electrode under 
investigation, iron, was not deposited onto the Geiger-Muller tube window 
but, instead, it was mounted directly underneath the window in the form 
of foil. This iron foil working electrode and Geiger-Muller tube were 
mounted horizontally above a cell (Fig, 3) which contained a solution 
labelled with Chlorine-36, The cell could be raised or lowered with 
respect to the iron electrode so that count rate could be determined as 
a function of the distance of separation of the iron electrode and the 
solution prior to contact being established between them, A counter 
electrode and reference electrode were incorporated into the cell to enable 
the simultaneous electrochemical measurements to be made.
The above method was used in the present work to study the 
adsorption of chloride ions by iron from sodium hydroxide/sodium chloride
—4 -2solutions of hydroxide concentration 10 M to 2 x 10 M and chloride/ 
hydroxide ratio 1 to 0, The iron was anodically polarised at potentials 
in the range 0 to 1200 raV on the hydrogen scale.
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2*1. Materials
X-ray filter quality 99*9% iron foil, 0.8 thou, inch thick, was obtained 
from Johnson Matthey and Co. Ltd. Before use, the iron foil was degreased 
in trichloroethylene vapour, etched in concentrated hydrochloric acid and 
washed with distilled water, alcohol and ether in turn. It was stored
in a vacuum dessicator until required.
All solutions used in the polarisation cell were made up with doubly 
distilled water stored under nitrogen. Solutions were also stored under 
nitrogen. Sodium hydroxide solutions were prepared from AnalaR sodium 
hydroxide pellets. Non-radioactive sodium chloride solutions we re 
prepared from AnalaR sodium chloride. Radioactive sodium chloride 
solutions were prepared from a solution approximately 0.1M and of 
specific activity 13*5 mCi/gCl as supplied by the Radio chemical Centre 
Amersham. Solutions of any required chloride concentration, pH and 
specific activity, to be used in the experiments, were prepared by
mixing appropriate quantities of these solutions.
2.2. Apparatus
2.2.1. Cell And Cell Mounting
Fig. 3 shows the cell used for simultaneous polarisation 
and adsorption measurements. The cell consisted of a central 
chamber over which an iron foil sample was mounted horizontally, 
below a Geiger-Muller tube, so that it was in contact with the 
solution in the cell. Thus radioactivity due to labelled chloride 
ions adsorbed onto the iron and also in the solution for some 
distance below the interface was counted through the iron sample.
A method described in Section 2.3*2. was employed to correct the
count rate for that part due to labelled chloride ions in the 
solution*
Three side arms which contained a mercury-mercurous sulphate 
reference electrode, a platinum counter electrode and a thermometer 
were attached to the central chamber* That which contained the 
reference electrode terminated as a Luggin probe inside the central 
chamber* The purpose of this was effectively to extend the 
reference electrode to a region close to the surface of the working 
electrode* A sintered glass disc separated the bounter electrode 
side arm from the central chamber in order to prevent contamination 
by corrosion products* Both inside edge ahd plane up£er edge of 
the cell were coated with a film of Teflon applied by aerosol spray 
and the volume of solution used in each experiment was such that 
it bulged slightly above this hydrophobic edge of the cell* The 
lower surface of the iron foil was also rendered hydrophobic except 
that part which covered the actual Geiger-Muller tube window area 
to ensure that, when contact was established between iron foil and 
solution, a known reproducible area was involved*
The cell was mounted in an apparatus, Plate 1, which enabled 
it to be accurately centred and raised or lowered with respect to 
the Geiger-Muller tube window* Apparatus and cell could be levelled 
independently to ensure that iron foil and solution surface were 
parallel before contact between them was established* The distance 
between iron foil and solution surface could be measured to 0*025 cm* 
A stream of nitrogen gas flowed constantly, via a perforated tube, 
around the gap between cell top and iron foil* This prevented 
absorption of oxygen and carbon dioxide by the solutions during
&JV $
B54/55
19/28
PLATE 1
experiments* The cell and its mounting were installed in an enclosure 
thermostatted at 25°C +_ 1°C*
2*2*2* Counting Apparatus
The counting apparatus, Pig* 4, consisted of a Geiger-Muller
tube (Mullard MX123), a quench unit (Nuclear Enterprises 2130) and
a scaler/timer/high voltage unit (Nuclear Enterprises 7000)* The
operating voltage of the Geiger-Muller tube was approximately 600V to
3365OV, depending on its condition as determined by the "plateau” which
was frequently checked. In order to standardise paralysis corrections
for the Geiger-Muller tube a quench time of 200pS was used throughout
the work and all count rates measured with the apparatus were
corrected for counts lost during this quenching period*^ The staler/
timer/high voltage unit supplied the high voltage necessary for the
operation of the Geiger-Muller tube and counted the pulses produced
in the tube* This instrument measured and displayed either the
time for a predetermined count or the count in a predetermined time*
In the work described here it was necessary to select a count
35giving an acceptable random e r ro r but also required were times 
sufficiently short to allow the changes due to the electrochemical 
processes occurring to be followed* In most cases4 a count of 
10,000, random e r ro r 1%, was employed* Solutions were prepared from 
the stock labelled solution in accordance with these requirements•
2,2,3. Polarisation Apparatus
A schematic diagram of the polarisation apparatus is shown 
in Fig* 5* The potentiostat (Chemical Electronics TR70/2A) 
automatically controlled the voltage between working electrode and
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counter electrode such that the potential difference between working 
electrode and reference electrode was kept equal to a preset value*
Any divergence from the desired potential difference between working 
electrode and reference electrode was amplified and used to alter 
the cell voltage appropriately to minimise the divergence. The 
working electrode could be held at any potential within the range 
+3V to -3V with respect to the reference electrode. The variation of 
cell current with time was recorded on a millivolt chart recorder 
connected across a precision decade resistance box in series with the 
cell.
Measurements
2*3.1. Polarisation Measurements
Polarisation measurements were of two types which will be 
referred to as Type A and Type B. In Type A, the iron was initially 
held cathodic with respect to the counter electrode* Potential 
settings were changed in steps of 100 mV so that the iron passed 
through the rest potential to the anodic statei These stepwise 
potential changes were continued until rapid corrosion set in or 
until oxygen evolution was evident. Variation of cell current with 
time was recorded for fifteen minutes at each potential setting*
In the second type of measurement, referred to as Type B, 
the iron was again held cathodic initially and potential settings 
were increased in steps of 100 mV until the iron passed through the 
rest potential. At this point the iron was taken to some anodic 
potential at which it was held for up to three hours and the current­
time relationship recorded over this extended period.
Both types of measurement were carried out in solutions 
covering a range of pH and chloride/hydroxide ratio.
2.3.2. Adsorption Measurements
Measurements of the extent of adsorption of chloride ions at 
the iron working electrode were made simultaneously with the polarisa­
tion measurements. Chlorine 36 taas counted through the iron foil and 
the count rate converted to a number of ions adsorbed after it had been 
corrected for the count rate due to chlorine 36 in the bulk solution 
as follows: Before contact between iron working electrode and
solution in the cell was made, the chlorine 36 was counted through 
the iron and the count rate determined as a function of distance of 
separation of iron and solution surface. The activity of the 
chloride ions adsorbed by the iron when anodic in contact with the 
solution was then obtained as the count rats at the time less the count 
rate, C^, before contact extrapolated to zero distance of separation 
(Fig. 6). This value of count rate was then converted to a density
of ions adsorbed, n , using the equation:a
na = 6.03 . 1020 . V . f  . J. . !&
a s
where C is the count rate, corrected for bulk solution activity,
due to adsorption from a solution of specific activity S mCi/gCl*a
A is the geometrical area of the iron working electrode. C is a
s
3
predetermined standardising count rate due to V cm of x M sodium
chloride solution, specific activity S mCi/gCl, evaporated uniformly
s
onto afi foil sample prepared and counted as in an adsorption experiment. 
An example of the use of this equation to determine a factor to convert
EIGURE 6
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-3from C to n is given here: Two ml. of a solution 3 x 10 M with& a
respect to sodium chloride and of specific activity 0.34 mCi/gCl were 
evaporated to dryness as described above. This source was then 
counted ten times and the average count rate determined. The whole 
procedure was then repeated and the average of the two results used 
to determine the conversion factor using the equation above. In this 
case the values to be inserted were:
V = 2 ml
x = 3 x lCf3 M
Sg = 0.34 mCi/gCl
A = 8.04 cm^
= 0*34 mCi/gCl
= 12300 c.p.ra.
13 «*2Hence n = 3*66 x 10 x C ions cma a
When contact was established, in the adsorption experiments, 
a count was started at the same instant that the iron potential was 
applied and subsequent counts were taken at five minute intervals in 
the case of the Type A measurements. This usually enabled three 
counts to be taken at each potential. In the case of Type B 
measurements counts were taken at intervals of a few minutes for 
as JJbng as the iron was held anodic. Table 1 shows the type of
results obtained in the former case. The count rates due to
adsorption were obtained by subtracting the value of determined 
in Fig. 6 and converted to a density of ions adsorbed using the 
factor obtained in the example given above.
TABLE 1
EXAMPLE OF RESULTS OBTAINED FOR ADSORPTION IN TYPE A EXPERIMENTS
Cq = 3625 (see Fig. 6)
IRON 
POTENTIAL 
ON HYDROGEN 
SCALE (mV)
COUNT RATE 
AT FIVE 
MINUTE 
INTERVALS (c.p.m)
COUNT RATE 
DUB TO 
ADSORPTION 
(c.p.m)
CHLORIDE
ADSORPTION
-2 -44xons cm x 10
0 3911 . 286 110
3881 256 90
3896 271 100
+XOO 3927 302 110
3989 364 130
3942 317 120
+200 3881 256 90
3942 317 120
3911 286 110
+300 3866 241 90
3911 286 110
3989 364 130
+400 3989 364 130
3927 302 110
388I 256 90
+500 3958 333 120
4121 496 180
4412 787 290
+600 4839 1214 440
4724 1199 440
4910 1295 470
+700 5304 1879 690
5598 1973 720
6110 2485 910
+800 6865 3240 1200
7653 4028 1500
7833 4208 1500
+900 8571 4946 1800
9288 5663 2100
10795 7170 2600
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3*1* Type A Polarisation Measurements
Tables 2 to 23 show the data obtained from the Type A polarisations of
iron in sodium hydroxide/sodium chloride solutions of hydroxide concentration 
—4 *»2
10 M to 2 x 10 M and chloride/hydroxide ratio 1 to 0« Fig. 7 illustrates
the four main cell current density-time curve characteristics. Type 1 was
obtained at the start of each experiment when the iron was made cathodic
to remove any air-formed oxide layer from the surface. Type 2 was obtained
at anodic iron potentials lower than the corrosion potential (see below).
Under these conditions, the cell current density usually reached a constant
value before the iron potential was altered. Type 3 was obtained at the
lowest potential, during the run, at which corrosion took place, i.e. when
the cell current density increased rapidly, t rains, after the application
of the potential. This potential was the estimate of the corrosion
potential E in that run. At potentials above this, Type 4 curvescorr.
were obtained.
Each of the Tables 2 to 23 shows a set of data for one hydroxide 
concentration and chloride/hydroxide ratio. The tables are divided 
into three columns in the first of which the iron potentials are listed.
In the second column the curve types are tabulated and in the third column 
the values of the cell current densities fifteen minutes after the 
application of the potentials are given. In the case of Type 3 curves, 
the time t (mins.) and the cell current density at time t are given with 
the type number. In the case of Type 4 curves, the value of the cell 
current density five minutes after the application of the potential is 
given with the type number. Cell current densities were measurable with 
a precision within 5% except at the very low current densities* In 
cases where no corrosion occurred before oxygen evolution, the tables are
TYPE A POLARISATION DATA
TABLE 2 TABLE 3
-4 ' " 
10 M SODIUM HYDROXIDE
-4 +10 M SODIUM CHLORIDE
-410 M SODIUM HYDROXIDE
•5 ' +5x10 ^ M SODIUM CHLORIDE
IRON CURRENT DENSITY­ IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN* ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT SCALE (mV) TYPE CELL CURRENT
DENSITY DENSITY
UA/cm*"^ --- H A / c x t T
-300 1 -300 1
-200 1 -200 1
-100 4;3®2 3.8 -100 1
0 4; 12 12 0 4;10 12
+100 4;19 20 +100 4 ; 16 17
+200 4;21 24 +200 4?27 29
+300 4;34 34 +300 4;34 35
+400 4536 36 +400 4;40 40
+500 4;40 40 +500 4;50 50
+600 4; 49 51 +600 4;52 52
m  A W  1 m  A T3T P  P  
AJHblJi rtv 2
—4 -4
10 M SODIUM HYDROXIDE 10 M SODIUM HYDROXIDE
-5 +2x10 J M SODIUM CHLORIDE
IRON CURRENT DENSITY­ IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS . POTENTIAL TIME CHARACTERISTICS
3N HYDROGEN CURVE 15 MIN. ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT SCALE (mV) TYPE CELL CURRENT
DENSITg DENSITg
VA/cm UA/cm
-300 1 -300 1
-200 1 . -200 1
-100 1 -100 1
0 1 s 0 2 2.5
+100 4;5.5 6-5 +500 4;24 29
+200 4 j9.0 9.0 +600 4;34 35
+300 4; 11 11 +700 4;39 37
+400 4;17 17 +800 4;44 42
+500 4;24 24 +900 4;44 44
+600 4;24 24 +1000 4?39 36
+1100 4 ;35 33
+1200 4 j 34 34
TYPE A POLARISATION DATA
TABLE 6 TABLE 7
10~3 M SODIUM HYDROXIDE
-3 +
10 ** M SODIUM CHLORIDE
10~3 M SODIUM HYDROXIDE
-4 +5x10 M SODIUM CHLORIDE
IRON 
POTENTIAL 
ON HYDROGEN 
SCALE (raV)
CURRENT DENSITY­
TIME CHARACTERISTICS
IRON 
POTENTIAL 
ON HYDROGEN 
SCALE (raV)
CURRENT DENSITY­
TIME CHARACTERISTICS
CURVE
TYPE
15 MIN. 
CELL CURRENT 
DENSITY
M/cm"2...
CURVE
TYPE
15 MIN. 
CELL CURRENT 
DENSITY
yA/cm 2
-300 1 -300 1
-200 1 -200 1
-100 1 -100 1
0 3;5$2*3 4.2 0 2 1.2
+100 4jll 20 +100 3;4;2.6 2.9
+200 4;36 44 +200 456.6 11
+300 4;51 76 +300 4|22 32
+400 4; 115 127 +400 4;47 67
+500 4; 152 169 +500 4 5108 139
+600 4 5 232 361
+700 4 j436 485
TABLE 8 TABLE 9
s
IQ "3 M SODIUM HYDROXIDE 10~3 M SODIUM HYDROXIDE
+ -4 +
2x10 M SODIUM CHLORIDE 10 M SODIUM CHLORIDE
IRON CURRENT DENSITY­ IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN. ON HYDROGEN CURVE 15 KtN.
SCALE (mV) TYPE CELL CURRENT SCALE (mV) TYPE CELL CURRENT
DENSITY DENSITY
UA/cm 2 UA/cm 2
-300 1 -300 1
-200 1 -200 1
-100 1 -100 1
0 2 0.75 0 2 1*8 ,
+100 2 1.1 +100 2 2.1
+200 3;1$1»5 2.5 +200 2 2.5
+300 456.2 13 +300 2 2.7
+400 4528 39 +400 35653*1 5*3
+500 4 j56 77 +500 459*0 12
+600 4;97 117 +600 455*6 12
+700 45133 149 +700 4; 16 22
+800 4; 175 186 +800 4536 44
+900 45 55 65
TYPE A POLARISATION DATA
TABLE 10
10~3 M SODIUM HYDROXIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT
DENSITY
pA/cm**2
-300 1
-200 1
-100 1
0 1
+100 2 0.87
+200 2 1.2
+300 2 1.4
+400 2 1.5
+500 2 1.9
+600 2 2.1
+700 2 2.4
+800 2 2.6
+900 2 3.1
+1000 2 4.6
+1100 X
+1200 X
TABLE 12
10~2 M SODIUM HYDROXIDE
-3 +5x10 J M SODIUM CHLORIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (raV) -TYPE CELL CURRENT
DENSITY
pA/cm*"*2
-300 1
-200 1
-100 1
0 2 1.0
+100 2 1.2
+200 2 1.6
+300 3 ;10j2.0 14
+400 4;65 174
+500 4;311 6 35
+600 4 j845 1210
+700 4 ;1290 2110
TABLE 11
lO-2 M SODIUM HYDROXIDE
-2 +
10 M SODIUM CHLORIDE
IRON CURRENT DENSITY-
POTENTIAL TIMS CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY 
pA/an~2
-300 1
-200 1
-100 1
0 1
+100 2 8.5
+200 2 11
+300 4 j37 149
+400 4; 249 323
+500 4 j 498 647
+600 4*,820 930
+700 451220 1440
+800 451?40 1890
TABLE 13
10~2 M SODIUM HYDROXIDE
-3 +
3x10 J M SODIUM CHLORIDE
IRON CURRENT DENSITY-
POTENTIAL TIME CHARACTERISTICS I
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY 
pA/cra"’2
-300 1
-200 1
-100 1
0 2 0.25
+100 2 0.62
+200 2 0.87
+300 2 1.0
+400 35751.6 4.5
+500 4|4.6 82
+600 4;97 167
+700 45236 404
+800 45535 684
+900 45884 1190
TYPE A POLARISATION DATA
TABLE 14 TABLE 15
10~2 M SODIUM HYDROXIDE
-3 +
2x10 J M SODIUM CHLORIDE
IRON CURRENT DENSITY-
POTENTIAL TIMS CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY
pA/cm 2
-300 1
-200 1
-100 1
0 2 0.25
+100 2 0.50
+200 2 0.75
+300 2 1.0
+400 2 1.2
+500 2 ■1.5
+600 2 1.7
+700 2 2.1
+800 2 2.4
+900 2 4.0
+ 1000 x .
TABLE 16
lo“2 M SODIUM HYDROXIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY
pA/cm 2
-300 x
-200 1
-100 1
0 2 0.50
+100 2 0.75
+200 2 1.1
+300 2 1.4
+400 2 1.6
+500 2 1.9
+600 2 2.1
+700 2 2.4
+800 2 2.6
+900 2 3.5
+1000 X
+1100 X
10“2 M SODIUM HYDROXIDE
-3 +10 M SODIUM CHLORIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY
_ .  vV.ckT ________
-300 1
-200 1
-100 1
0 2 0.50
+100 2 0.87
+200 2 1.0
+300 2 1.4
+400 2 1.6
+500 2 1.7
+600 2 2.0
+700 2 2.2
+800 2 2.6
+900 2 3.4
+1000 x  .
+1100 X  •
TABLE 17
2xl0"2 M SODIUM HYDROXIDE
-2 +2x10 M SODIUM CHLORIDE
IRON CURRENT DSNS IT Y-
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT 
DENSITY
pA/cm 2
-300 1
-200 1
-100 1
0 2 0.62
+100 2 0.87
+200 4;6«5 18
+300 4; 124 373
+400 4; 810 2120
TYPE A POLARISATION DATA
TABLE 18 TABLE 19
2xl0’"2 M SODIUM HYDROXIDE 2xlO~2 M SODIUM HYDROXIDE
10~2 M SODIUM CHLORIDE 6x10 J M SODIUM CHLORIDE
IRON CURRENT DENSITY­ IRON CURRENT DENSITY-
POTENTIAL TIME CHARACTERISTICS POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN. ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT SCALE (mV) TYPE CELL CURRENT
DENSITY DENSITY
. P-A/cnf pA/cm 2
-300 1 -300 1
-200 1 -200 1
-100 1 -100 1
0 1 0 1
+100 1 +100 2 0.12
+200 2 0.50 +200 2 0.37
+300 2 0.75 +300 2 0.62
+400 2 1.0 +400 2 1.2
+500 2 1.1 +500 2 1.2
+600 3;7i2„o 26 +600 2 1.4
+700 4;4l 54 +700 2 1.6
+800 4 j105 137 +800 2 1.9
+900 4; 189 230 +900 2 5.2
+1000 4;572 572 +1000 X
TABLE 20 TABLE 21
2xlO~2 M SODIUM HYDROXIDE 2xl0“2 M SODIUM HYDROXIDE
4x10 ** K SODIUM CHLORIDE -3 +2x10 J u seems chloride
IRON CURRENT DENSITY- IRON CURRENT DENSITY-
POTENTIAL TIME CHARACTERISTICS POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN :urve 13 MEN. ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT SCALE (mV) TYPE CELL CURRENT
DENSITY DENSITY
pA/cm 2 pA/cm 2
-300 1 -300 1
-200 1 -200 1
-100 1 -100 1
0 1 0 1
+100 2 0.30 +100 2 0.30
+200 2 0.62 +200 2 0.50
+300 2 0.87 +300 2 0.87
+400 2 1.0 +400 2 1.1
+500 2 1.4 +500 2 1.4
+600 2 1.7 +600 2 1.6
+700 2 1.9 +700 2 1.9
+800 2 2.2 +800 2 2.1
+900 2 5.2 +900 2 4.2
+1000 X +1000 X
+1100 X +1100 X
TYPE A POLARISATION DATA
TABLE 22
2xlO~2 M SODIUM HYDROXIDE
~3 +10 M SODIUM CHLORIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
: ON HYDROGEN CURVE 15 MIN.
SCALE (mV) TYPE CELL CURRENT
DENSITY
-...........ttA/cnf 2
-300 1
-200 1
-100 1
0 1
+100 2 0.10
+200 2 0.37
+300 2 0.62
+400 2 0.87
+500 2 1.1
+600 2 1.5
+700 2 1.7
+800 2 2.1
+900 2 3-6
+ 1000 X
+1100 x •
TABLE 23
2xl0“2 M SODIUM HYDROXIDE
IRON CURRENT DENSITY­
POTENTIAL TIME CHARACTERISTICS
ON HYDROGEN CURVE 15 MIN.
SCALE (raV) TYPE CELL CURRENT 
DENSITY
UA/cta 2
-300 1
-200 1
-100 1
0 1
+100 2 0.10
+200 2 0.50
+300 2 0.75
+400 2 1.1
+500 2 1.4
+600 2 1.6
+700 2 1.9
+800 2 2.2
+900 2 3.6
+1000 X
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marked with an asterisk#
Table 24 summarises the corrosion potential data and Fig# 8 shows
a plot of corrosion potential Ecorr against sodium chloride/sodium
hydroxide ratio for the four sodium hydroxide concentrations studied# It
should be noted that the values of E in Table 24 and Fig. 8 do notcorr# v
all refer to the same value of t, the time from application of the 
potential to the occurrence of corrosion# This is examined further in 
Section 3#3*
TABLE 24
SUMMARY OP CORROSION POTENTIAL DATA FROM TYPE A POLARISATIONS
SOLUTION COMPOSITION CHLORIDE CORROSION
TO POTENTIAL >E , corr.
ON HYDROGEN
SCALE (raV)
SODIUM 
HYDROXIDE (M)
. f.* L T ■ ; -  ^. 1
SODIUM 
CHLORIDE (M)
HYDROXIDE
RATIO
io~4
■ l*4 10 i -100
io~4 5 x IO"5 0,5 0
-410 2 x 10~3 0.2 +100
10 ~3 io~3 1 0
io~3 5 X 10“4 0.5 +100
10~3 -42 x 10 0.2 +200,
10~3 io"4 0.1 +400
io“2 io-2 1 +300
_ .-2 
io
-2
10 1 +100
io“2 5 X 10~3 0.5 +300
10-2 3 x 10“3 0.3 +400
io"2 2 x 10~3 0.2 X
io“2 10~3 0.1 X
2 x 10~2 2 x 10 2 1 +200
2 x 10 2 io"2 0.5 +600
2 x 10"2 io~2 0.5 +400
2 x IO"*2 6 x 10~3 0*3 X
2 x 10~2
> -34 x 10 0.2 *
2 x 10 2 2 x 10~3 0.1 *
2 x IO*2 IO*"3 0.05 X '
jgr
Oxygen evolution occurred at 1000 mV before corrosion 
set in«
FIGURE 8
CORROSE038T POTENTIAL TS SODIUM CHLORIDE / SODIUM HYDROXIDE RATIO
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0
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3*2. Type A Adsorption Measurements
Extent of adsorption was determinable at potentials near and above
E Tables 25 to 35 show the data obtained in type A experiments*
corr.
All solution compositions were in the range, sodium hydroxide concentration 
lO*"^  M to 2 x 10~2 M and chloride/hydroxide ratio 1 to 0*1*
Each of the tables 25 to 35 shows a set of data for one hydroxide 
concentration and chloride/hydroxide ratio. The tables are divided into 
four columns in the first of which the iron potentials are listed. The 
second column contains the cell current densities corresponding to the 
values of chloride ion adsorption listed in the third column. Three 
values of chloride adsorption are listed for each iron potential.
These were determined experimentally and refer to times, after the 
application of the potential, listed in the fourth column.
TYPE A ADSORPTION DATA 
TABLE 25
-4IO M SODIUM HYDROXIDE
^4 +
10 M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL CURRENT ADSORPTION FROMON DENSITY. APPLICATION
HYDROGEN 
SCALE (mV) (pA cm (ions era ^xlO
OF POTENTIAL 
(rains-)
-100 2-9 7.4 1.3
2-9 8.8 6-2
3.2 12 11-1
0 10 20 1.0
12 27 5.9
12 31 10.8
+100 18 37 0.8
19 54 5*6
55 10.6
+200 21 62 Q .6
22 67 5.5
24 69 10.5
+300 34 80 0.5
34 100 5.5
34 90 10.5
+400 34 100 0.5
36 120 5.4
36 120 10.4
+500 40 120 0.4
40 130 5.4
40 150 10.3
+600 45 150 0.3
49 180 5.3
49 180 10.3
TYPE A ADSORPTION DATA
TABLE 26
10~4 M SODIUM HYDROXIDE 
+
5xlO~5 M SODIUM CHLORIDE
IRON
POTENTIAL
ON
HYDROGEN 
SCALE (raV)
CELL
CURRENT
DENSITY
(pA cm
CHLORIDE
ADSORPTION
/. —2 «*l4\ (ions cm xlO )
TIME 
FROM 
APPLICATION 
OF POTENTIAL 
(mins.)
0 8*5 13 1.8
10 18 6*5
12 21 11.5
+100 16 31 1.1
16 38 6*0
17 40 11.0
+200 27 48 0.9
27 66 5.7
27 68 10.7
+300 32 68 0.7
34 78 5.6
34 82 10.6
+400 40 94 0.5
40 97 5.5
40 100 10*5
+500 50 94 0.5
50 110 5.5
50 120 10.5
TYPE A ADSORPTION DATA
TABLE 27
-A
10 M SODIUM HYDROXIDE
+
2xl0*“5 M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL CURRENT ADSORPTION FROMON DENSITY APPLICATION
HYDROGEN /. -2 _ -14 (ions cm xlO )
OF POTENTIAL
SCALE (mV) (p.A cm ) (minse)
+100 5o2 4.4 . + 3*7
+200 7-5 10 + 2.9
+300 11 15 + 2.3
+400 16 24 1.7
17 27 6.6
17 32 11.4
+500 24 40 1.2
24 49 6.0
24 53 11.0
+600 24 61 0.9
24 71 5»8
24 77 10.7
Only one value of chloride adsorption was determined due to the low 
count rates obtained at these potentials„
TYPE A ADSORPTION DATA
TABLE 28
10~3 M SODIUM HYDROXIDE
q +
10^ M SODIUM CHLORIDE
IRON 
POTENTIAL 
ON 
HYDROGEN 
SCALE (raV)
CELL
CURRENT
DENSITY
(|lA cm
CHLORIDE
ADSORPTION
( . -2 -l4v ixons cm xlO )
TIME 
FROM 
APPLICATION 
OF POTENTIAL 
(rains.)
0 2.6 52 1.3
3-2 73 6o3
3.7 59 11»3
+100 3.1 67 1-3
6*2 89 6*2
17 80 11*3
+200 29 83 1*2
35 81 6.2
41 91 11*2
+300 49 95 1.2
57 98 6*2
70 120 11*1
+400 100 150 1*1
116 150 6.1
122 180 11*0
+500 142 170 1*0
154 210 6.0
164 240 11*0
T
TYPE A ADSORPTION DATA 
TABLE 29
lo“3 M SODIUM HYDROXIDE
-4 +
5x10 M SODIUM CHLORIDE
IRON
POTENTIAL 
ON 
HYDROGEN 
SCALE (raV)
CELL
CURRENT
DENSITY
(pA cm
CHLORIDE
ADSORPTION
-2 -14^ (ions cm xlO )
TIME 
FROM 
APPLICATION 
OF POTENTIAL
... (rains.)
0 1.4 24 1*3
1.2 19 6.3
1.2 20 11.3
+100 2*0 21 1.3
2.3 21 6.3
2.6 25 11.3
+200 5.0 24 1.3
7.2 22 6.3
9.2 27 11.3
+300 17 32 1.2
24 37 6.2
29 41 11.2
+4oo 39 48 1.2
50 64 6.1
60 73 11.1
+500 91 110 1.0
114 130 5.9
132 150 10.8
+600 200 250 0.7
229 470 5.5
336 650 10.4
+700 410 780 0.3
435 910 5.3
473 960 10.3
TYPE A ADSORPTION DATA
TABLE 30
10~3 M SODIUM HYDROXIDE
*4 +2x10 M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL CURRENT ADSORPTION FROMON DENSITY APPLICATION
HYDROGEN 
SCALE (mV) (yA cm ( , -2 -14 * (10ns cm xlO )
OF POTENTIAL 
(mins.)
0 O087 21 1.1
0.75 19 6.2
0.75 21 11.2
+100 1.1 20 1.2
1.0 22 6.2
1.0 21 11.2
+200 1.6 24 1.1
2.0 23 6.2
2.3 25 11.1
+300 3.6 27 1.1
6.8 37 6.0
10 41 11.0
+400 18 56 0.9
24 64 5*8
31 71 10.8
+500 49 82 0.7
57 97 5*7
70 100 10.7
+600 87 110 0.6
98 130 5*6
107 140 10.6
+700 124 160 0.5
137 210 5*4
146 220 10.4
+800 165 220 0.4
174 280 5.4
179 300 10 .3
TYPE A ADSORPTION DATA
TABLE 31
10"3 M SODIUM HYDROXIDE
-4 +10 M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL CURRENT ADSORPTION FROMON DENSITY APPLICATION
HYDROGEN 
SCALE (mV) CpA cm 2) / . —2 _ -l4v (ions cm xlO )
OF POTENTIAL 
(mins. )
0 2.1 4.9 1.3
1.9 5.3 6.3
1.8 5.5 11.3
+100 2.9 5.1 1.3
2.4 5.7 6.3
2.2 5.5 11.3
+200 3.2 5.7 1.3
2.7 5.7 6.3
2.6 6.6 11.2
+300 3.4 7.0 1.2
3.0 7.3 6.2
2.9 6.1 11.2
+400 3.4 6.8 1.2
3.4 6.8 6.2
4.4 7.4 11.2
+500 7.7 10 1.1
9.3 11 6.1
10 13 11.1
+600 11 13 1.1
11 13 6.1
11 14 11.1
+700 15 15 1.0
16 16 6.0
18 19 11.0
+800 29 25 0.9
39 32 5.8
44 42 10.7
+900 51 46 0.7
56 56 9.6
61 63 10.6
TYPE A ADSORPTION DATA
TABLE 32
10~2 M SODIUM HYDROXIDE
2 +
10 M SODIUM CHLORIDE
IRON 
POTENTIAL 
ON 
HYDROGEN 
SCALE (mV)
CELL
djRRENT
DENSITY
(pA ctn 2)
CHLORIDE
ADSORPTION
(ions cm 2xlO ^ t)
TIME 
FROM 
APPLICATION 
OF POTENTIAL 
(mins«)
+400 211 480 1.2
274 530 6.2
299 660 11.2
+500 435 870 1.1
522 1100 6.1
585 1200 11.1
+600 771 1700 1.0
858 2200 5.9
908 2300 10.9
+700 1120 2700 0.9
1240 3100 5.8
1370 3400 10.8
+800 1690 4000 0.7
1770 4400 5.7
1820 4600 10.7
TYPE A ADSORPTION DATA
TABLE 33
10~2 M SODIUM HYDROXIDE
-3 +5x10 J M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL CURRENT ADSORPTION FROMON DENSITY APPLICATION
HYDROGEN 
SCALE (raV) (]lA era 2) / • -2 -l4v(ions era xlO )
OF POTENTIAL 
(mins.)
0 1.6 290 1.1
1*2 260 6.1
1.1 360 11.1
+100 2.1 340 1.1
1.6 270 6.1
1.0 300 11.1
+200 2.2 310 1.1
1.9 310 6.1
1.6 340 11.1
+300 2.5 310 1.1
2.1 340 6.1
2.5 360 11.1
+400 31 370 1.1
68 550 6.0
121 710 11.0
+500 208 950 0.9
323 1200 5. 8
504 1700 10.8
+600 672 2400 0.6
858 3100 5.5
1040 3900 10.5
+700 1620 4300 0.5
1740 5200 5.4
1870 5400 10.4
TYPE A ADSORPTION DATA
TABLE 34
10~2 M SODIUM HYDROXIDE
-3 +3x10 J M SODIUM CHLORIDE
IRON CELL CHLORIDE Til©
POTENTIAL CURRENT ADSORPTION FROMON DENSITY APPLICATION
HYDROGEN 
SCALE (mV) (pA cm"2) /. —2 —l4% (ions cm xlO )
OF POTENTIAL 
(mins.)
0 0*67 110 1.3
0.50 94 6.3
0.31 99 11.3
+100 1.2 110 1.3
0*82 130 6.3
O.65 120 11.3
+200 1.5 94 1.3
1.0 120 6.3
O.83 110 11.3
+300 1.6 88 1.3
1.3 110 6.3
1.1 130 11.3
+400 1.8 130 1.3
1.6 110 6.3
4.5 94 11.3
+500 6.8 120 1.3
24 180 6,3
67 290 11.1
+600 96 440 1.0
102 440 6.0
132 470 11.0
+700 189 690 0.9
255 720 5.9
323 910 10.8
+800 470 1200 0.7
560 1500 5.6
610 1500 10.6
+900 796 1800 0.6
871 2100 5.5
1070 2600 10.5
TYPE A ADSORPTION DATA
TABLE 35
2xl0~2 M SODIUM HYDROXIDE
-2 +2x10 M SODIUM CHLORIDE
IRON CELL CHLORIDE TIME
POTENTIAL
ON
CURRENT
DENSITY ADSORPTION
FROM
APPLICATION
HYDROGEN 
SCALE (raV) (•jiA cm 2) (iotis cm 2xlO
OF POTENTIAL 
(mins* )
0 1.0 740 1.2
0.75 820 6.2
0.62 820 11.2
+100 1.4 1100 1.2
1.2 780 6.2
1 i* dnn/vv 11.2
+200 2.6 860 1.2
7.6 990 6.2
15 1000 11.2
+300 32 i4oo 1.2
149 1800 6.1
255 2500 11.0
+400 473 3300 1.0
858 4500 5.9
1620 7100 10.8
3<*3o Type B Polarisation Measurements
As noted in Section 3.1.« values of E given in Table 24 andcorr.
Fig. 8 do not a l l  refer to the same value of t, the time from application
of the potential to the occurrence of corrosion? a given value of
simply represents the first applied potential at which corrosion took place
within 15 minutes in the given run. Strictly, E would be best* corr.
determined as the lowest potential at which corrosion commenced immediately.
This was investigated further by measuring t for several iron potentials
near the values of given in Table 24 for certain solution compositions.
Iron potentials studied covered the range from approximately 100 mV below
to 100 mV above the values of E i given in Table 24, at intervals ofcorr.7 7
-225 mV. Results are illustrated for the composition 10 M sodium 
*•3hydroxide + 5 x 10 M sodium chloride in Table 36 and Fig. 9 where it is seen
that the best value of E , as defined above, for this compositioncorr*
would be 280 mV*
DEPENDENCE OF t  UPON IRON POTENTIAL FOR 10~2 M SODIUM 
HYDROXIDE + 5 x 10~3 M SODIUM CHLORIDE 
TABLE 36
IRON POTENTIAL 
ON HYDROGEN 
SCALE (mV)
TIME BETWEEN 
APPLICATION OF POTENTIAL 
AND ONSET OF CORROSION,t,(mins.)
200 42.0
225 2 6 .0
250 1 1 .1
275 8 .0
300 0 .8
325 0.5
350 1 .0
375 1 .6
4oo 0.3
425 0 .2
FIGURE 9
IE03ST
POTENTIAL 
(mYo}
THE 32EEEItDE3SrCE OP t UPOIT POTENTIAL
SOEUTIOIT COMPOSITIOiTs 
«2
10 M SODIUM HYDROXIDE 
-3 —‘I**
5x10 M SODIIM CHLORIDE
4- 400
4-300
200 -
40' 200
TIME UP TO OFSET OF CORROSION* t. (mlns.)
3*4. Typo B Polarisation And Adsorption Measurements
Tablos 37 to 42 show the data obtained from Type B polarisation
—2
measurements in solutions of sodium hydroxide concentration 10 M and 
10**^  M and chloride/hydroxide ratios 1, 0.5 and 0.2 in each case. The iron 
potentials selected were appropriate values of obtained from Fig. 8.
Each table shows the solution composition find iron potential and is then 
divided into three columns. The times in the first column are from the 
application of the potential to the middle of each adsorption count, the 
adsorption values being given in the third column. The cell current 
densities in the second column correspond to these times.
TYPE B POLARISATION AND ADSORPTION DATA 
TABLE 37 TABLE 38
lo"2 M SODIUM HYDROXIDE
•m210 M SODIUM CHLORIDE
10~2 M 
5xlO~3 M
SODIUM HYDROXIDE 
+
SODIUM CHLORIDE
IRON POTENTIAL + 200 mV IRON POTENTIAL + 300 mV
ON HYDROGEN SCALE ON HYDROGEN SCALE
TIME FROM CELL CHLORIDE TIME FROM CELL CHLORIDE
APPLICATION CURRENT ADSORPTION •— O t. APPLICATION CURRENT ADSORPTION
OF POTENTIAL DENSITY xons era xlO OF POTENTIAL DENSITY xons yga xlO
(rains*) pA era" (rains*) pA cm
1*3 3*7 370 1*3 5.0 170
11*3 32 390 6*3 6*5 180
21.1 99 890 11*3 3*7 170
31*1 129 1100 16.2 7.2 230
41*0 167 1400 21*3 17 220
50.9 232 2200 26*3 42 190
60*8 299 3000 31*2 69 270
70*7 373 3900 36.2 95 390 .
80.6 473 5400 41.1 126 490
90.5 560 7000 46*1 139 530
51*0 162 720
- 56.0 173 800
70.9 242 1100
85.8 299 1400
100.8 380 1700
115*7 478 2100
130.6 498 2800
150.5 585 4000
165.5 634 4500
180*4 678 4900
TYPE B POLARISATION AND ADSORPTION DATA
TABLE 39
K f 2 M SODIUM HYDROXIDE
-3 +
2x10 J M SODIUM CHLORIDE
IRON POTENTIAL + 700 mV 
ON HYDROGEN SCALE
TIME FROM CELL CHLORIDE 
APPLICATION CURRENT ADSORPTION 
)F POTENTIAL DENSITY ions cm xlO " 
(minso ) TLA csi*Vj
1.3 5.0 120
6.3 1.9 110
11.3 1.2 120
16.3 0.93 90
21.3 0.62 100
26.3 0.93 ' 110
31.3 0.93 100
36.3 0.62 90
41.3 0.62 110
46*3 0.62 110
51.3 1.2 120
56.3 1.9 130
61.3 1.2 120
66.3 1.9 130
71.3 6.5 140
76.3 13 140
81.3 22 140
86.2 20 160
91.2 26 180
106.1 49 260
116.1 73 370
126.0 88 420
145.9 100 560
160.8 117 820
TABLE 40
lO"*5 M SODIUM HYDROXIDE
-3 +10 M SODIUM CHLORIDE
IRON POTENTIAL + 0 mV 
ON HYDROGEN SCALE
TIME FROM CELL CHLORIDE
APPLICATION CURRENT ADSORPTION 
OF POTENTIAL DENSITY ions era xlO1 4  
(mine.) pA cm"2
1.3 7.7 9
6.3 11 21
11.3 12 21
16.3 14 33
21.3 17 33
26.3 20 35
31.2 22 43
36.2 25 45
81.1 45 110
106.0 47 160
116.0 50 190
130.9 53 200
165.9 56 270
TYPE B POLARISATION AND ADSORPTION DATA
TABLE 41
10~3 M SODIUM HYDROXIDE
-4 +
5x10 M SODIUM CHLORIDE
IRON POTENTIAL + 100 raV 
ON HYDROGEN SCALE
TIME FROM CELL CHLORIDE
APPLICATION CURRENT ADSORPTION
OF POTENTIAL DENSITY ions cm xl0~14 
(mins.) pA cra"*^
1.3 5.0 21
6.1 19 50
10.9 33 100
15.8 52 160
20.7 /TOuu nonAAV/
25.6 75 260
30.6 81 310
35.5 84 340
40.5 86 370
45.5 92 380
50.5 96 420
TABLE 42
■   i i■ i—T4 'At ■■ . liiA. m'i.ii..An ■ m 4.-i tmm
10 M SODIUM HYDROXIDE 
-4 +2x10 M SODIUM CHLORIDE
............    -'La
IRON POTENTIAL + 300 mV 
ON HYDROGEN SCALE
TIME FROM CEIL CHLORIDE
APPLICATION CURRENT ADSORPTION ■
OF POTENTIAL DENSITY ions cm XlO~ * 
(mins*) pA cm*"
1 30 31
10.2 140 450
15.2 162 550
20.2 I67 590
o cz 0. 168 610
30.2 172 590
35.2 173 610
40.2 173 610
45.2 174 630
50.2 176 610
55.2 175 . 630
'“V O
S E C T I O N  4 
D I S C U S S I O N
4.1. General
Corrosion potential data taken from Tables 2-23 and summarised in 
Table 24 and Fig. 8 give the anodic conditions, for the range of alkaline 
chloride solutions studied, below which rapid corrosion - with formation 
of a gelatinous corrosion product - does not take place within fifteen 
minutes.
As noted in Section 3«1» and further investigated in Section 3*3. 
•there is a range of anode potential in any particular alkaline chloride 
solution, over which the time taken for rapid-corrosion to commence 
increases. A rapid-corrosion potential could be more clearly defined as 
the lowest potential at which rapid-corrosion sets in immediately the 
potential is applied (i.e. at which t = Oj Fig. 7* type 3). At all 
potentials above such a value, the gelatinous product is formed at a 
rate which is greater the higher the potential.
The results obtained in the present work will be considered first 
for conditions above the rapid corrosion potentials and second for lower 
potential ranges where rapid corrosion sets in some time after the 
potential is applied.
4.2. Events above the corrosion potential
It was found in both Type A and Type B measurements that chloride
adsorption increased rapidly with rapid increase in cell current. The 
relationship between chloride adsorption and cell current density for 
Type A measurements is shown in Figs. 10 to 13. These data are taken
from Tables 25-35. The three points plotted for each potential, in any
particular solution composition, represent data from three successive 
determinations and thus demonstrate the increase of adsorption and current
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density, at that potential, with time*
The magnitude of chloride ion take up indicated here is much too 
high to be accounted for by, even a very rough, coherent surface layer.
The appearance and continued growth of the gelatinous corrosion product 
suggests that the take up is by adsorption upon this high surface-area 
product.
A maximum estimate of the amount of this product, at any stage, is 
given by the total quantity of electricity passed at that stage.
Accumulated quantities of electricity are tabulated in Tables 43 to 53 fo** 
the Type A measurements and Tables 54 to 59 for the Type B measurements. 
These values were measured from the appropriate areas under the current-time 
traces recorded during the experiments, commencing when the iron became 
anodic. Tables 43 to 53 show correspohding values of chloride adsorption 
and accumulated quantity of electricity, three values of each being 
given for each potential for Type A experiments. The times, after 
application of each potentialj to which the chloride adsorptions and 
accumulated quantities of electricity correspond are also tabulated#
These data are plotted in Figures 14 to 17. Tables 54 to 59 also show 
the corresponding values of chloride ion adsorption and accumulated 
quantity of electricity and the times, after the application of the 
potential, at which they were obtained for the Type B measurements.
Figures 14 to 17 show that the relationship between chloride 
adsorption and quantity of electricity is linear in the majority of cases. 
The slopes of the lines obtained are very similar in many cases in spite 
of the data being obtained over a vide range of solution compositions 
and rates of passage of electricity (i.e. current densities). This 
suggests that the relationship is independent of solution composition 
above the corrosion potential.
TABLES 43-53 SHOW THE QUANTITIES OF ELECTRICITY PASSED DURING 
TYPE A POLARISATION AND ADSORPTION EXPERIMENTS.
TABLE 43
-4
10 M SODIUM HYDROXIDE
_A +
10 ~ M SODIUM CHLORIDE
IRON ACCUMULATED 
POTENTIAL QUANTITY OF 
ON ELECTRICITY 
HYDROGEN SCALE
(mV) (mC era*" )
CHLORIDE
ADSORPTION
/ • «2 —14\(10ns cm xlO )
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
-100 0.259 7.4 1.3
1.12 8.8 6.2
2.11 12 11.1
0 3.61 20 1.0
7.21 27 5.9
10.8 31 10.8
+100 14.3 37 0.8
19.7 54 5.6
25.4 55 10.6
+200 32.3 62 0.6
38.7 67 5.5
45.4 69 10.5
+300 51.1 80 0.5
61.1 100 5.5
70.6 90 10.5
+400 84.5 100 0.5
94.9 120 5.4
105 120 10.4
+500 112 120 0.4
124 130 5.4
135 150 10.3
+600 149 150 0.3
163 180 5.3
178 180 10.3
TABLE 44
-4
10 M SODIUM HYDROXIDE
5xlO~5 M SODIUM CHLORIDE
IRON ACCUMULATED CHLORIDE TIME FROM
POTENTIAL QUANTITY OF ADSORPTION APPLICATION
ON ELECTRICITY OF POTENTIAL
HYDROGEN SCALE
(mV) (mC cm ) / **2 **l4b\ (ions cm xlO ) (mins.)
0 0*85 13 1.8
3.48 18 6.5
6.72 21 11.5
+100 10.7 31 1.1
15.4 38 6.0
20.4 4o 11.0
+200 24.9 48 0.9
32.8 66 5.7
41.2 68 10.7
+300 51.1 68 0.7
60.8 78 5.6
70.3 82 10.6
+400 77.5 94 0.5
90.3 97 5.5
102 100 10.5
+500 113 94 0.5
128 110 5.5
143 120 10.5
TABLE 45
10“4 M SODIUM HYDROXIDE
~5 +2x10 ^ M SODIUM CHLORIDE
IRON
POTENTIAL
ON
HYDROGEN SCAUfe 
(mV)
ACCUMULATED 
QUANTITY OF 
ELECTRICITY
-2
(raC cm )
CHLORIDE
ADSORPTION
-2 -l4v (xons cm xlO )
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
+100 i„26 4*4 3.7
+200 6.09 10 2.9
+300 14.1 15 2.3
+400 24.1 24 1.7
29.0 27 6.6
34.1 32 11*4
+500 40.0 4o 1.2
46.9 49 6.0
54.0 53 11.0
+600 60.8 61 0.9
67.5 71 5.8
74.3 77 10.7
TABLE 46
10~'3 M SODIUM HYDROXIDE
-3 +
10 M SODIUM CHLORIDE
IRON ACCUMULATED 
POTENTIAL QUANTITY OF 
ON ELECTRICITY 
HYDROGEN SCALE
(mV) (mC cm )
CHLORIDE
ADSORPTION
,. -2 -14.
Vions cm xlO )
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
0 0„25 52 1.3
1.12 73 6.3
2.11 59 11*3
+100 3.61 67 1*3
6.47 89 6.2
11.1 80 11.3
+200 13.7 83 1.2
22.8 81 6.2
34.5 91 11.2
+300 45.6 95 1.2
61.4 98 6.2
80.0 120 11.1
+400 110 150 1.1
143 150 6.1
179 180 11.0
+500 211 170 1.0
255 210 6.0
304 240 11.0
TABLE 47
10~3 M SODIUM HYDROXIDE
-4 +5x10 M SODIUM CHLORIDE
IRON ACCUMULATED CHLORIDE TIME FROM
POTENTIAL QUANTITY OF ADSORPTION APPLICATION
ON ELECTRICITY OF POTENTIAL
HYDROGEN SCALE
(ions cm**2acl0*'^ f^c)(mV) (mC cm ) (mins.)
0 0.12 24 1.3
0.50 19 6.3
O.87 20 11.3
+100 1.37 21 1.3
1.99 21 6.3
2.74 25 11.3
+200 3.61 24 1.3
5.47 22 6.3
Q/.( OU1 on n  0
+300 11.3 30 1.2
17.7 32 6.2
25.5 37 11.2
+400 33.8 48 1.2
47.0 64 6.1
63.8 73 11.1
+500 87.8 110 1.0
117 130 5.9
151 150 10.8
+600 194 250 0.7
275 470 5.5
371 650 10.4
+700 425 780 0.3
551 910 5.3
688 960 10.3
TABLE 48
10*"-3 M SODIUM HYDROXIDE
~4 +
2x10 M SODIUM CHLORIDE
IRON
POTENTIAL
ON
HYDROGEN SCALE 
(mV)
ACCUMULATED 
QUANTITY OF 
ELECTRICITY
(mC cm"2)
CHLORIDE
ADSORPTION
(ions cm"2xlo""^)
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins^
0 0O062 21 1.1
0.25 19 6.2
0*50 21 11.2
+100 0,87 20 1.2
1.24 22 6.2
1.62 21 11.2
+200 1.87 24 1.1
2.36 23 6.1
2.99 25 11.1
+300 3*73
nnw
5.35 37 6*0
7.84 41 11*0
+400 11#9 56 0*9
18.2 64 5.8
26.9 71 10*8
+500 37.9 82 0.7
53.7 97 5.7
71.8 100 10.7
+600 95.8 110 0.6
124 130 5.6
155 i4o 10.6
+700 184 160 0.5
224 210 5.4
266 220 10.4
+800 303 220 0.4
355 280 5.4
406 300 10.3
TABLE 49
lo"3 H SODIUM HYDROXIDE
-4 +10 M SODIUM CHLORIDE
IRON ACCUMULATED CHLORIDE TIME FROM
POTENTIAL QUANTITY OP ADSORPTION APPLICATION
ON ELECTRICITY OF POTENTIAL
HYDROGEN SCALE
(mV) (mC cm ) t * -2 _ -4SCions cm xlO ) (mins.)
0 0.12 4.9 1.3
0.75 5.3 6.3
1.37 5.5 11.3
+100 2.11 5.1 1.3
2.86 5.7 6.3
3.61 5.5 11.3
+200 3V98 5.7 1.3
4.85 5.7 6.3
5.60 6.6 11.2
+300 6.59 7.0 1.2
7.59 7.3 6.2
8.46 6.1 11.2
+400 9.33 6.8 1.2
10.3 6.8 6.2
11.3 7.4 11.2
+500 13.2 10 1.1
15.8 11 6.1
18.7 13 11.1
+600 21.9 13 1.1
25.3 13 6.1
28.6 13 11.1
+700 32.1 15 1.0
36.8 16 6.0
42.0 19 11.0
+800 49.4 25 0.9
59.2 32 5.8
71.4 42 10.7
+900 83.0 46 0*7
98.4 56 5.6
116 63 10.6
TABLE 50
lcf2 M SODIUM HYDROXIDE 
10“2 M SODIUM CHLORIDE
IRON ACCUMULATED 
POTENTIAL QUANTITY OF 
ON ELECTRICITY 
HYDROGEN SCALE
(mV) (raC cm" )
CHLORIDE
ADSORPTION
/ * —2 •*14 v (10ns cm xlO )
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
+400 89.7 480 1.2
164 330 6.2
243 660 11.2
+500 321 870 1.1
464 1100 6.1
632 1200 11.1
+600 818 17m-1 1-
* ii 0
1060 2200 5.9
1320 2300 10.9
+700 1570 2700 0.9
1910 3100 5.8
2300 3400 10.8
+800 2750 4000 0.7
3270 44oo 5.7
3820 4600 10.7
TABLE 51
10~2 M SODIUM HYDROXIDE
-3 +5x10 J M SODIUM CHLORIDE
IRON ACCUMULATED 
POTENTIAL QUANTITY OF 
ON ELECTRICITY 
HYDROGEN SCALE
(mV) (mC cm )
CHLORIDE
ADSORPTION
(ions cm 2xlO 1 f^c)
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
0 0.12 290 1.1
0.50 260 6.1
0.87 360 11.1
+100 1.24 340 1.1
1.87 270 6.1
2.36 300 11.1
+200 2.74 310 1.1
3.36 310 6.1
3.86 340 11.1
+300 4.35 310 1.1
5.10 340 6.1
5.72 360 11.1
+4oo 9.95 370 1.1
24.1 550 6.0
52.5 710 11.0
+500 99.6 950 0.9
177 1200 5.8
303 1700 10.8
+600 428 2400 0*6
642 3100 5.5
930 3900 10.5
+700 1270 4300 0.5
1740 5200 5.4
2300 5400 10.4t
TABLE 52
IO"2 M SODIUM HYDROXIDE
'-3 +3x10 *  M SODIUM CHLORIDE
IRON
POTENTIAL
ON
HYDROGEN SCALE 
(mV)
ACCUMULATED 
QUANTITY OP 
ELECTRICITY
(mC cm 2)
CHLORIDE
ADSORPTION
,. -2 -14.(ions cm xlO )
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
0 0.062 110 1.3
0.25 94 6.3
0.37 99 11.3
+100 0.62 110 1.3
0.8t 130 6.3
1.12 120 11.3
+200 1*37 94 1.3
1.74 120 6.3
1.99 110 11.3
+300 2.24 88 1.3
2.61 110 6.3
2.99 130 11.3
+400 3.36 130 1.3
3.86 110 6.3
4.60 94 11.3
+500 6.22 120 1.3
10.4 180 6.3
27.2 290 11.1
+600 45.3 440 1.0
75.9 440 6.0
111 470 11.0
+700 147 690 0.9
212 720 5.9
299 910 10.8
+800 399 1200 0.7
548 1500 5.6
723 1500 10.6
+900 926 1800 0.6
1160 2100 5.5
1440 2600 10.5
TABLE 53
2xl0~2 M SODIUM HYDROXIDE 
2xl0“2 M SODIUM CHLORIDE
IRON ACCUMULATED 
POTENTIAL QUANTITY OF 
ON ELECTRICITY 
HYDROGEN SCALE
(mV) (mC cm )
CHLORIDE
ADSORPTION
(. -2 -14. 
(ions cm xlO }
TIME FROM 
APPLICATION 
OF POTENTIAL
(mins.)
0 0.062 740 1*2
0*31 820 6.2
0.56 820 11.2
+IOO 0.75 1100 1.2
1.12 780 6.2
1.49 900 11.2
+200 1.87 860 1.2
3.36 990 6.2
6.59 1000 11.2
+300 12.8 1400 1.2
38.4 1800 6.1
96.5 2500 11.0
+400 202 3300 1.0
397 4500 5*9
778 7100 10.8
TABLES 54-59 SHOW THE QUANTITIES OF ELECTRICITY PASSED DURING 
TYPE B POLARISATION AND ADSORPTION EXPERIMENTS.
TABLE 54 TABLE 55
10"2 M SODIUM HYDROXIDE 
K f 2 M SODIUM CHLORIDE
10~2 M SODIUM HYDROXIDE
-3 +
5x10 J M SODIUM CHLORIDE
IRON POTENTIAL +200mV IRON POTENTIAL + 300raV
ON HYDROGEN SCALE ON HYDROGEN SCALE
TIME FROM ACCUMULATED CHLORIDE TIME FROM ACCUMULATED CHLORIDE
APPLICATION QUANTITY OF ADSORPTION APPLICATION QUANTITY OF ADSORPTION
OF POTENTIAL ELECTRICITY (ions OF POTENTIAL ELECTRICITY (ions
(rains.) (mC era 2) -2 -14*era xlO ) (rains.) -2* -2 "14v (mC era ) era xlO )
1.3 0.40 370 1.3 0.75 170
11-3 9.95 390 6.3 2.11 180
21.1 51.6 890 11.3 3.48 170
31.1 123 1110 16.3 5.10 230
41.0 210 1420 21.3 8.96 220
50.9 326 2160 26.3 17.0 190
60.8 489 3020 31.2 33.8 270
70.7 688 3910 36.2 58.2 390
80.6 937 5410 41.1 92 490
90.3 1250 7010 46.1 132 530
51.0 175 720
56.0 226 800
70.9 405 1100
85.8 644 1400
100*8 944 1700
115.7 1330 2100
130.6 1770 2800
150.5 2400 4ooo
165.5 2950 4500
180.4 3530 4900
TABLE 56 TABLE 57
1CT2 M SODIUM HYDROXIDE
-3 +2x10 J M SODIUM CHLORIDE
IRON POTENTIAL +700raV 
ON HYDROGEN SCALE
TIME FROM ACCUMULATED CHLORIDE 
APPLICATION QUANTITY OF ADSORPTION 
OF POTENTIAL ELECTRICITY (ions
(mins.) (mC cm 2) cm 2xl0*^)
1.3 0.81 120
6*3 U53 110
11.3 2.08 120
16.3 2.45 90
21*3 2.64 98
26.3 2.82 110
31.3 3.11 100
36.3 3.30 94
41.3 3.48 110
46.3 3.67 110
51.3 3.96 120
56.3 4.33 130
61.3 4.80 120
66.3 5*27 130
71.3 6.64 140
76.3 9.00 140
81.3 14.0 140
86.2 20.1 160
91.2 26.6 180
i!o6.i 61.8 260
116.0 102. 370
126.0 151 420
145.9 263 560
160.8 357 820
10~3 M SODIUM HYDROXIDE
lO-^  M SODIUM CHLORIDE
IRON POTENTIAL OmV
ON HYDROGEN SCALE
TIME FROM ACCUMULATED CHLORIDE
APPLICATION QUANTITY OF ADSORPTION
OF POTENTIAL ELECTRICITY (ions
(mins.) (mC cm 2) -2cm xlO )
1.3 0.62 10
6.3 3.11 21
11.3 6.47 21
16.3 10.2 33
21.3 14.7 33
26.3 19.9 35
31.2 25.9 43
36.2 33.0 45
81.1 127 110
106.0 195 160
116.0 224 190
130.9 270 200
165.9 385 270
TABLE 58 TABLE 59
c*\1OiH M SODIUM HYDROXIDE 10~3 M SODIUM HYDROXIDE
-45x10 *
+
M SODIUM CHLORIDE -4 +2x10 M SODIUM CHLORIDE
IRON POTENTIAL+100mV IRON POTENTIAL+300mV
ON HYDROGEN SCALE ON HYDROGEN SCALE
TIME FROM ACCUMULATED 
APPLICATION QUANTITY OF 
OF POTENTIAL ELECTRICITY
(mins.) (mC cm 2)
CHLORIDE
ADSORPTION
(ions
-2 -14, 
cm xlO }
TIME FROM ACCUMULATED 
APPLICATION QUANTITY OF 
OF POTENTIAL ELECTRICITY
„2
(mins.) (mC cm )
CHLORIDE
ADSORPTION
(ions
cm 2xlO*^)
1.3 0.37 21 1.0 1.37 31
6*1 3.98 50 10.2 52.5 450
10.9 12.2 100 15.2 98 550
15.8 24.1 160 20.2 147 590
20.7 41.5 220 25.2 197
£ 1 r\ U i U
25.6 62.4 260 30.2 248 590
30.6 86*0 310 35.2 300 610
35.5 111 340 40.2 352 610
40.5 136 370 45.2 404 630
45.5 162 380 50.2 452 610
50.5 190 420 55.2 509 630
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The most logical explanation of these results is that, above the 
corrosion potential, the current is carried entirely by the hydroxyl ions 
which are discharged with the formation of a ferrous hydroxide which 
constitutes the gelatinous corrosion j>roduct observed during the course of 
the experiments* This gelatinous corrosion product adsorbs chloride 
ions arid hence chloride adsorption increases linearly with the quantity of 
electricity passed# The fact that the slopes in Figures 14 to 17 are 
very1 similar implies that the nature of the corrosion product in these 
cases was remarkably similar dVen though it was formed over a wide range 
of rates and solution conpositions*
If it is assumed that all the current is carried by hydroxyl ions 
and that these are discharged with the formation of ferrous hydroxide then 
it is possible to calculate values for the numbers of chloride ions 
adsorbed per molecule of ferrous hydroxides the slopes of the lines 
in Figures 14 to 17 give the values of Chloride ions adsorbed per mC of 
electricity passed for each solution composition and these values can be 
converted to ions/molecule of ferrous hydroxide by division of the 
number of ferrous hydroxide molecules equivalent to 1 mC (found using 
Faradays Laws)* The values of chloride ions/molecule of ferrous hydroxide 
are listed in Table 60* These values illustrate the similarity in slopes 
of the lines in Figures 14 to 17 and they also demonstrate the absence of 
any trend with solution composition*
TABUS 60
SOLUTION
COMPOSITION
CHLORIDE IONS 
ADSORBED PER 
MOLECULE OF 
FERROUS HYDROXIDE 
FORMED
ions molecule”*
SODIUM
HYDROXIDE
(M)
SODIUM
CHLORIDE
(M)
, -4 -410 10 0.027
1o
5 x 10~5 0.020
-4 -510 2 x 10 0.033
1Or-l lo“3 0.017
1oM -45 x 1 0 0.046
IQ*”3
-4
2 x 10 0.021
10~3 10-4 0.017
10-2 io“2 0.038
10-2 3 x 10~3 0.056
2 x 10“2 2 x 10"2 0.260
4.3* Events at Potentials Lower (less anodic) Than the Rapid Corrosion 
Potential
At potentials lower than the corrosion potential defined as in 
3.2 and 4.1, experiments show that rapid corrosion sets in at some time 
after the application of the potential, this time period lengthening as 
the potential considered becomes less anodic, for any given solution 
composition.
Prediction of the length of this time period under any given 
Conditions of solution composition and anodic potential, must involve 
an understanding of the influence of
(1) the anodic potential
(2) the bulk hydroxyl ion concentration, i.e. the pH of the 
solution
(3) the bulk chloride ion concentration.
Rapid corrosion, as already discussed, involves the continuous 
removal of iron from the anode surface at a rate and in a manner such 
that a deep, loose, gelatinous hydroxide is formed. In other words, 
when this condition has arisen, ferrous ions produced at the surface 
are not precipitated as a coherent, passivating, hydroxide layer but - 
through depletion of the hydroxyl ion concentration in the immediate 
vicinity of the electrode, in accordance with the appropriate hydroxide 
solubility product - are able to diffuse outward where a loosely attached, 
non-coherent, hydroxide product is hereafter continuously formed.
Before rapid corrosion has occurred, insufficient soluble iron 
(ferrous ion) is being produced and it follows that the length of the 
time period, between application of potential and the onset of rapid
corrosion, represents that taken for the available ferrous ion concentration, 
necessary for outward diffusion, to be created under the given conditions 
of potential and bulk solution composition.
In solutions where rapid corrosion has not been demonstrated - some 
zero or low chloride to hydroxyl ion ratios - the passivating, coherent, 
hydroxide layer would be formed before this ferrous ion concentration 
could arise.
Clearly the time for rapid corrosion, t, to occur under a given 
set of Conditions is governed predominantly by the rates of diffusion of the 
ions in the electric field towards the electrode and by back diffusion 
according to Ficks* law.
i,e* * - f (Eanode> bulk W  * bulk V *
The current density during this period will be shared between 
hydroxyl ion and chloride ion transport towards the anode. As the chloride 
to hydroxyl ion ratio considered is increased, the displacement of hydroxyl 
ions by chloride ions in the immediate electrode vicinity and hence the 
solubilisation of the iron becomes greater - an effect further accentuated 
by increasing the electric field strength, i.e. by raising the value of 
the anode potential.
Thus all the results obtained in the present work are consistent
26with and lend support to the theory of Hoar.
Further progress, e.g. by way of quantitative prediction of the 
times before the onset of rapid corrosion under given conditions, is 
inhibited on two main counts:
(l) the insensitivity of the radioisotope technique to chloride 
ion transport to the electrode vicinity before rapid corrosion*
(2) the inability to differentiate between a chemically adsorbed 
(discharged) chloride species and a chloride ion physically adsorbed on 
any product of the electrode reaction.
4.4. Conclusions
The following conclusions have been drawn from this work on the 
anodic behaviour of iron in alkaline chloride solutions.
(l) The events which take place at the interface of a sample of
anodically polarised iron in an alkaline chloride solution are the result
of two opposing rate processes, the formation of a passivating film and
iron dissolution. Which process finally predominates is a function of
the iron potential and the solution composition. If the dissolution
process predominates, resulting in rapid corrosion, it is usually after a
time interval, t, which is a function of the iron potential for any given
solution, i.e. t decreases as the iron sample is made more anodic.
Because of this, the corrosion potential has been defined as the lowest
potential at which rapid corrosion occurs immediately the iron is made
anodic, i.e. when t « 0. The approximate values of corrosion potential
determined during this work indicate that the corrosion potential
decreases with increasing chloride to hydroxyl ratio at constant pH and
with decreasing pH at constant chloride to hydroxyl ratio. All these
26
results are in agreement with a theory proposed by Hoar.
(2) The radioisotope technique for measuring chloride adsorption 
is not sensitive enough to enable measurements to be made until after the 
onset of rapid corrosion.
(3) The magnitude of the chloride ion adsorption obtained after 
the onset of rapid corrosion and the nature of the variation of these 
values with the quantities of electricity passed due to corrosion suggest 
that chloride ions are adsorbed onto the loosely attached non-coherent 
corrosion product.
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